T he importance of financing science, technology and innovation (STI) is growing increasingly relevant and is changing its content. New, more comprehensive financing mechanisms are emerging. With STI costs rising and government budgets shrinking, research and innovation has become more cooperative and network-based.
F inancing science, technology, and innovation ("STI") has grown in importance and complexity over recent decades. The move towards a national innovation system approach, as opposed to linearmodel-based efforts, has become prevalent in the STI field [OECD, 1997a [OECD, , 1999 . Concurrently, an increasing number of mechanisms have been made available in order to channel resources toward STI activities. Governments continue to play a critical and determining role in STI financing. However, with STI costs on the rise and increasing government budget restrictions, simple government grants and subsidies have begun giving way to the use of more complex instruments. Governments may now also engage in investment arrangements with the private sector, recognizing "the fact that research and innovation are increasingly cooperative and network-based" [OECD, 2014] . Public-private partnerships ("PPP") are ever more popular in STI, with PPP projects generally being financed via Project Finance arrangements [Hodge, Greve, 2007] . In such context, a complete understanding of a country's national innovation system is crucial for identifying leverage points for enhancing innovative performance and overall competitiveness. After a brief discussion of the concept, origin, and development of STI financing, this paper focuses on the different instruments and incentives governments may use to improve the financing of innovation. Two case studies are then explored, illustrating government efforts from the United Kingdom and Brazil towards innovation financing issues. Lastly, the paper reviews recent and future STI financing trends.
The Development of Approaches to STI Financing
Early innovation models were developed around the concept that innovation occurred in a linear fashion, with basic research as the primary initiator of innovation, following through design, engineering, and manufacturing, to marketing and sales [Rothwell, 1994] . Therefore, increasing scientific inputs into the pipeline would lead to a direct increase in the number of new innovations and technologies [OECD, 1997a] . As a result, STI funding generally also followed simplistic, linear-fashion methods. Initial phases of the innovation process (basic research) were heavily dependent upon public sector funding, while the diffusion process (marketing and sales) relied nearly exclusively on the private sector, with intermediary processes (applied research and development and manufacturing) being funded by both the public and private sectors. With the rise of and shift to systemic approaches to the study of technological development, the innovation process is no longer seen as a sequential pattern, with the preceding phase having to be cleared before moving to the next. Innovation can come from different sources and at any stage of innovation process and may also include product adaptations and incremental improvements to processes. Hence, innovation is a function of complex interactions among several stakeholders, with feedback loops occurring throughout. These stakeholders include cooperating and competing firms, public and private research institutes, universities and transfer institutions, interacting regionally, nationally, or internationally. As a nation's economy becomes more knowledge-intensive, an increasing number of players -in the private sector, public sector, and academia -are involved in the production and diffusion of innovation, and the effectiveness in gathering and utilizing knowledge from these institutions becomes an essential determinant of a country's competitiveness [OECD, 1997a] . Consequently, STI financing also grew in complexity and scope, incorporating new concepts to leverage innovative performance, recognizing regional, national, and international interactivity and cooperation among actors, as well as the economic importance of knowledge and knowledge flows. Such mechanisms include:
• formal measures such as tax policies and government subsidies;
• long-term funding commitments by government and industry organizations;
• government budget allocation to universities, research institutes, libraries, and other organizations involved in learning and innovation; • funding programs managed by international and regional organizations; • target funding managed by specialized institutions, such as Science and Technology Councils and Foundations; • single-project funding via Project Finance. Governments play, and will continue to play, a crucial and determining role in STI financing. Simple grants and subsidies are giving way to more complex instruments. With STI infrastructure and operating costs on the rise, governments have begun to engage in investment arrangements with the private sector. Public-private partnerships ("PPP") have become increasingly common across the globe [Hodge, Greve, 2007] , with PPP projects generally being financed using Project Finance arrangements [EIB, n.d.] . The following sections discuss the basic fiscal and financial incentives available to governments, assess their advantages and disadvantages, as well as Project Finance tools. [Christofidis, Debande, 2001] . However, a potential pitfall of equity guarantees is that venture capitalists may become less willing to make sound investment decisions. Credit guarantee schemes may be used in countries where the venture capital industry is not yet developed. Is such economies, financial institutions and commercial banks may be the only source of financing for start-ups and technology firms. Since these companies seldom have a credit history or collateral to back bank loans, credit guarantees compensate banks in the event of a default, reducing their overall transaction risk. In return, governments usually charge a premium [OECD, 1997b] . The main advantages for governments are that credit guarantees limit the need for direct budget allocations, as they are used to encourage borrowers to provide financing to early-stage firms; and that potential borrowers' assessment is completely or partially transferred to the lender. The main problem associated with credit guarantees is the potential for borrowers to become less willing to observe the terms and conditions of loan agreements.
Fiscal Incentives
Governments can identify specific innovation-related activities and introduce appropriate tax incentives to support them. A study by the European Commission found that the following activities have been selected by a number of governments for targeted fiscal incentive support [European Commission, 2001 ]:
• Business R&D expenditure • Share ownership at new or innovative firms. Some tax incentives aimed at supporting the general business environment may also promote innovation indirectly by reducing the obstacles impeding the innovative process. These incentives may foster relevant aspects related to innovation, including the training of staff, the contracting of researchers, the cooperation between firms and research institutes or universities, the creation or financing of innovative firms, and the encouragement of share ownership in innovative firms [European Commission, 2001] . The majority of the tax incentives for innovation activities are included in the corporation tax regimes of each country. Companies are usually allowed to write off all current expenditure on R&D against their taxable profits in the year the expenditure was made. To further reduce the cost of innovation, the following incentives are also used: extra tax allowances, allowing firms to deduct more than 100% of their innovation expenditure from their tax base; tax credits; and special depreciation rules [European Commission, 2001] . A tax credit allows a firm to deduct a percentage of their innovation expenditure from their tax base. In a volume-based (flat rates) scheme, all expenditure incurred over a fiscal year is considered for the credit. In an incremental scheme, only expenditure increases over a pre-determined level are rewarded. Mixed schemes, with both volume-based and incremental measures may also be put in place. Table 3 offers a summary of the advantages and disadvantages of each scheme [European Commission, 2001] . Special depreciation rules allow larger sums of innovation-related asset values to be written off earlier in their useful lives. Free depreciation allows companies to deduct up to 100% of their asset value immediately. Accelerated depreciation enables larger percentages of the asset value to be written off in earlier years. 
Financial vs. Fiscal Incentives
The main difference between financial and fiscal incentives is that financial incentives allow the government to choose which activities to prioritize, while fiscal incentives enable the market to decide which activities present the greatest opportunities for future success. According to a study by the European Commission [European Commission, 2001 ], in countries with relatively low national innovation performance, governments tend "to prioritize incentives that seek to stimulate activity across the whole economy, as opposed to within specific sectors". Fiscal incentives thus have the advantage of allowing the market to decide on fund allocation. On the other hand, in countries with a relatively high national innovation performance, "the preferred method of incentive support is through financial aids, which allow governments to choose those sectors or technologies which they wish to prioritize". The advantages of each incentive are summarized in • Long-term loans from export credit agencies for equipment purchase Agreements with prime contractor and subcontractors on the cost of construction/ installation 
Project Financing
Project financing may be formally defined as a method of structured financing, with both debt and equity components, which is used to fund individual projects. Project financing is based upon lending and investing based on the cash-flows generated by a project alone, as opposed to on the borrower's balance sheet strength, as in standard corporate lending. Its applicability depends on a detailed evaluation of a project's construction or implementation, operating and revenue risks, and adequate contractual and financial arrangements between investors, lenders, and other parties. The Project Financing scheme has two components:
• Equity provided by investors or sponsors of the project, their return being dependent upon the success of the project • Senior debt provided by one or more lenders, this debt having a priority on the project's net operating cash flow. The financial structuring of a project financing transaction consists in finding the optimum allocation between the debt and equity components. For investors, the higher the leverage of a project, the higher their returns will be. Sponsors or financing sources in Project Financing transactions include:
• Public-sector financing (public budget)
• Public and commercial banks • Investors and equity providers (for instance, pension funds)
• Multilateral and bilateral financing institutions • Bond issuances or capital market investors • Mezzanine and subordinated debt • Lease financing • Vendor financing (Export Credit Agencies -ECA's)
• Users fees • Product/service sales income • Arising intellectual property rights (in case of R&D&I). Project Financing requires a robust and sustainable stream of revenues to balance financial inputs and outputs, thereby supporting the repayment of expected equity returns and debt service. In STI projects, the main sources of revenues are Arising Intellectual Property (AIP) rights and co-sharing in the commercialization and exploitation of the research results, which are embodied in trading products or services.
Strategies
Financing and cash flow arrangements occur during the economic life of the project, where their availability and employment serve to make the project viable and funded throughout. Table 6 provides a list of types and sources of financing by activity. In Project Financing transactions, a special purpose company, the Project Company, is usually set-up for implementing the project. Such company "will act as a borrower under the underlying financing agreements and will be party to a number of other project-related agreements" [EIB, n.d.] . This framework constitutes a security package for managing performance and risks involved in arranging the financing structure. The project company signs a minimum of two main contracts whose characteristics are depicted in Table 7 . The entering of other ancillary contracts depends upon the substance and context of the project. Figures 1 and 2 depict a typical Project Financing structure. The government is responsible for defining the envisaged project and the concession or project agreement is awarded based on competitive bidding. Such a process emerged in the infrastructure and industrial sectors as a form of public-private partnership and is therefore a reflection of the experience and needs of such sectors. The application of Project Financing schemes to STI was introduced by the Government of the United Kingdom in the 1990s with the implementation of the Private Finance Initiative ("PFI") in the sector of Education (schools, universities, and libraries) and Research (laboratories, science and technology parks, offices, and industrial parks). According to HM Treasury "PFI was introduced in order to engage the private sector in the design, build, finance, and operation of public infrastructure, with the aim of delivering good quality and well-maintained assets that provide value for money for the taxpayer. " [HM Treasury, 2015] . A study by the OECD [OECD, 2014] analyzed various forms of strategic public-private partnerships and identified the reasons for their increased popularity in the STI sector. As noted in the study, "traditionally used for physical infrastructure, PPPs are increasingly popular in R&D and innovation policy because they are perceived as a more adaptive tool than traditional subsidies for achieving such objectives in an environment in which the nature of R&D and innovation processes is changing (e.g., increased usercentered content, higher dependency on external sources of knowledge and know-how, as illustrated by open innovation approaches), and business R&D strategies and social needs are rapidly evolving (e.g., ageing population, the environment, sustainable cities). Finally, PPPs are a useful policy tool in demand-side innovation policy such as the public procurement of innovation or in efforts to foster smart specialization strategies in regions. " • "Partnership implies some sharing of costs, risks, and benefits between participants"
• Intellectual property rights should be shared both in upstream research and downstream commercialization, including residual rights • Seek to promote the participation of knowledge-based SMEs • Support for international and cross-border research programs should be given • Project design, award, and implementation should be on a competitive basis • Seek financial sustainability, including measures to counter the tendency to underinvest as well as undue practices. According to the authors of the aforementioned OECD report, focus should be given (i) to areas where the collaboration between the government and the private sector is essential, such as in healthcare, Seidl da Fonseca R., Operation and maintenance 
STI Financing in Practice
The extension and grade of application in practice of those finance instruments discussed here will be revealed in two selected countries with sophisticated and complex national innovation systems, though they are at different stages of experience and development. In this paper, we will study the cases of the United Kingdom and Brazil. The application analysis presented below indicates the modes of financing, their potential and limits as well as possible combinations to enhance their viability and effectiveness.
UK: PFI in practice
In the United Kingdom, the predominance of the business sector in financing STI has further expanded over the course of the last decade. Figure 3 indicates how far the business sector has been overtaking the government on expenditures in STI over the years. The distribution and flows of funds in the country has become highly complex and diffuse, showing the prevalence of the business sector, as presented in the Figure 4 . The increased participation of the business sector in supporting STI in the UK could make the efforts and schemes more relevant and viable for strengthening the cooperation between public and private sector in order to promote a focus in STI areas of public interest, such as healthcare, sustainable transport, and environmental protection. It may also facilitate businesses' access to research infrastructure and achievements in public research and reduce technological and financial risks in high capital investment research endowments. In this context, one can observe a number of funding initiatives based on the models proposed by the UK Private Financing of Infrastructure -PFI. The Department of Energy and Climate Change (DECC) is one of the agencies in the country promoting the PFI scheme for STI funding. Figure 5 illustrates the DECC projects' financing model. Project financing in this model is applied to provide funding to consolidate the efforts of making projects commercially viable using the declining cost of capital to one's advantage. Another interesting example of the use of PFI under a Public-Private Partnership arrangement is the Energy Technology Institute (ETI) sponsored by the Secretary of State for Business, Innovation, and Skills (SSBIS). The main characteristics of this scheme are indicated in Table 8 . The main idea of the creation of the ETI is to consolidate and improve strong operational links between academia, industry, and government on targeted R&D projects. ; from the Private Sector, a consortium formed by British Petroleum (BP), Caterpillar, EDF Energy, RollsRoyce, and Shell International. Hitachi jointed joined a program associated with the scheme. Through competitive bidding, a host institution was selected to provide research facilities, offices, and infrastructure for the ETI management and support staff. The winning bidder was the Midlands Consortium, which is comprised of the Universities of Birmingham, Loughborough, and Nottingham with financial support from Advantage West Midlands and the East Midlands Development Agency. The main location of ETI is at Loughborough University, on the Holywell Park area of the campus, at the heart of the University's Science and Enterprise Park. On the basis of a research agenda defined and monitored by the core members of ETI, R&D projects are procured through competitive bidding by centers of excellence across the United Kingdom and overseas, organized in consortia consisting of SMEs and large enterprises, universities, and other expertise organizations. R&D projects shall refer to IPR arrangements and focus on the commercial deployment of their results. Regarding funding, funds are provided on a 50:50 basis by the public and private sectors and they are supposed to be allocated to the best R&D projects. The expected revenues for the ETI and the private sector members are the contractual definition of Arising Intellectual Property Rights and the eventual results of commercial deployment.
Government funding R&D

Government
Brazil: Funding STI via Sector Funds
The Brazilian government, motivated by and in consultation with the private sector, launched a comprehensive set of fiscal measures in 1999 to channel financial contributions from the private and manufacturing sectors, known as STI Sectorial Funds. Traditionally in Brazil STI has been almost fully funded by the public sector. Indeed, the role of the state in Brazil in both the financing and execution of STI activities is highly determinant and even dominant. Presently, the Ministry of Science, Technology, Innovation, and Communication (MCTIC) 5 is directly responsible for the most important actors, such as promotion agencies, major R&D institutes and units as well as sectorial technological institutes (Figure 7 ).
Figure 7. Institutional Coverage of the MCTIC
Source: [Leitão, 2010] .
Note: INB is a group of companies Indústrias Nucleares do Brasil; NUCLEP is a company Nuclebrás Equipamentos Pesados. For definitions of other acronyms see Figure 8 indicates the overall picture of the Brazilian STI system. The private R&D sector is practically an isolated sector. At the state level, the same framework is reproduced. Regarding the actual allocations from the state, after significant growth observed in the 1970s, when they reached an historic high of 800 million Real in the National Fund for Scientific and Technological Development (FNDCT), they dropped steadily to between 80 to 200 million Real in the 1990s. With the advent of the STI Sector Funds in 1999, the allocations returned to a growth trajectory. Figure 9 illustrates such development. Meanwhile, the FNDCT, supplemented by the STI Sector funds, became the major financial source of support for Brazil's STI system. Figure 10 shows the evolution of the FNDCT after the implementation of the STI sector funds. • to increase and promote the stability of financial resources allocated to the STI system; • to promote the manufacturing sector;
• to create an institutional environment conducive to the shared management of funds by the relevant government agencies (Finep and CNPq) and the private sector. The resources of the Sector Funds come from different federal taxes and contributions of selected sectors, such as oil and gas (being the highest input), healthcare, agribusiness, energy, and aeronautics:
• The state share of profit derived from the exploitation of natural resources (for example 0.75% to 1% of the net profit of concessionary companies involved in the generation, transmission, and distribution of electricity), • The share of the tax on industrialized products (IPI) for certain sectors (at least 43% for the goods and products benefiting from the Informatics Law 6 ) • The share (7.5% to 17.5%) of payments for the Contribution for Intervention in the Economic Domain (CIDE) on the values that pay off the use or acquisition of technological knowledge or technology transfer from abroad (service payment, royalties, specialized technical, or professional services). The acquired resources are allocated by the National Fund for Scientific and Technological Development (FNDCT) and managed by two agencies: the National Council for Scientific and Technological Development (CNPq) and the Funding Authority for Studies and Projects (Finep). The resources are dedicated to 14 subjects and two interdisciplinary fields: Aeronautics, Agribusiness, Amazon Region, Waterways, Biotechnology, Energy, Space, Water Resources, Information Technology, Infrastructure, Minerals, Oil and Natural Gas, Health, Transportation, "Yellow Green Technologies", and Telecommunications. Table 10 presents the distribution of the resources allocated by the FNDCT in 2013.
Recent and Future Trends
The contribution of science, technology, and innovation is expected to remain a vital pillar for economic and social development. As costs related to the infrastructure and production of scientific and technological advances are expected to rise steadily, modern and robust financing instruments are indispensable for adequately supporting STI efforts and overcoming financing difficulties. A study by the United Nations Framework on Climate Change (UNFCCC) [UN, 2009] reviewed the financial barriers at each stage of technological development and proposed different financing schemes available to overcome such obstacles. Table 11 summarizes the main findings of this study. A discussion about recent and future STI financing trends follows below.
Systemic Approach
Although there is a consensus among experts that the linear approach for modelling and financing STI infrastructure and efforts is no longer appropriate or efficient for generating new sources of knowledge and know-how, nor is it viable for making new products and services available, much more effort is needed in order to fully develop systemic models and practices. In STI financing, much of the attention and prioritization of different actors still follows a linear model, where public funds are dedicated primarily to basic research, while business expenditures are directed towards applied R&D and commercialization. Only through taxes and subsidies are business R&D expenditures relevant in basic research. Moreover, the different stages of STI (basic-applied-development) are increasingly interdependent and overlapping. To overcome such difficulties, a major drive will include consolidating the STI stages, environments, actors, and sponsors into dedicated programs, which deal with specific products, as opposed to a central theme. Here, the concepts of clusters, nodes of excellence, and value chains will play important roles. Research-supporting programs from the European Union, Organization for Economic Cooperation and Development (OECD) and United Nations specialized agencies are fair examples of this systemic approach trend.
Strategic Role of Governments via Grants and Fiscal Incentives
Governments can be expected to remain a major supporter of STI development for at least two reasons. The first reason involves the responsibility of the public sector in enhancing, gathering, and protecting knowledge and culture. Here, the main public duty is to guarantee that the necessary institutional and infrastructural foundation of a sustainable national innovation system is in place. Access to STI efforts, including their results, should be granted both for people and businesses. The second reason relates to the state's responsibility in mobilizing scientific and technological knowledge to address issues of the general well-being of its population. Such public responsibilities shall continue as strong justifications for allocating government budgetary funds and maintaining tax and other non-fiscal incentives for the support of STI initiatives.
International Funding and Project Preparation
While the internationalization of STI has become very relevant, only a few international funding mechanisms have been established and coordination between countries remains insufficient. The development of some of mechanisms such as the Kyoto and Montreal Protocols might be an interesting vector for the further creation and expansion of global funding schemes. Project preparation is a field that has grown in importance. Given the difficulties involved in accurately forecasting STI efforts' results (including their monetary returns), as well as the stringent requirements from national and international investors, bankers, and sponsors, STI project developers and managers have increasingly sought finance facilities to support project preparations at the pre-investment phase.
Recognizing such a trend, International Financial Institutions (IFI) such as the World Bank [World Bank, 2017] , the European Bank for Reconstruction and Development (EBRD), and the Asian Development Bank, have created special Project Preparation Facilities (PPF) to support stakeholders. The expanding use of public and private procurement for awarding R&D-dedicated resources will also further reinforce such growing demand.
Private Financing and Management
The emergence of robust technology-based industries has introduced new ways of organizing and managing STI efforts as a whole. The strengthening of private labs and collaborative schemes between public and private entities are evidence of such a trend. The experience of the Fraunhofer Society for the Advancement of Applied Research 7 , based in Germany, but active internationally, could also prove a winning example for the future. This organization operates institutes and research units directly or in collaboration with public and private universities and other research institutes, earning its income mostly through contracts with industry or specific government projects.
Investment Banking
The continuous search for promising, break-through innovative investments has resulted in an increasing number of financial institutions focusing on supporting and investing in research labs, technology companies, and innovation development projects. A number of banking facilities have become available for well-structured STI projects and programs, such as soft loans from development banks, mezzanine debt from syndicate arrangements, long-term debt offers, trust funds, refinancing for maturated R&D, or the leverage of debt-equity deals.
Public-Private Partnerships
Successful past experience with PPPs in a number of areas of public and business common-interest should result in their increased use in the STI field. There is a clear trend towards establishing or improving the contractual and legal framework in many countries and internationally among countries. The participation of the World Bank and other international financing institutions has been paving the way for the more intensive use of PPPs in STI in the future. The PPP models used in the United Kingdom are proving to be successful approaches and schemes in the STI area.
Research Contracting with the Prevalence of Intellectual Property Rights
The impressive development of technology-intensive products and services should give rise to contracting R&D based upon IPR arrangements. The protection of IPRs on a global scale allows for the necessary legal security in establishing consistent R&D-to-commercialization contracts, with IPRs included as a guarantee in equity and debt financing agreements.
Venture Capital and Business Angels
Operators within the technology-based industry increasingly seek business angels for financing start-ups and venture capital for supporting their expansion towards maturity. Private investors purchase shares in new technology-based companies looking for dividends and market valorization. Well-organized stages have been available for investors, comprising seed funds, angel round with access to board sits, series A round and beyond, which are granted by venture capital firms and further on until the issuing of Initial Public Offerings (IPOs).
Crowd Financing and e-Financing
The steady expansion of internet-based social networks has supported the launch of new financing structures, such as crowd financing and e-financing, which provide resources for deals and projects with common interests, across sectors such as the health, education, mobility, and environmental sectors. Specific areas of STI coverage have unlimited potential for raising funds.
Conclusion
STI costs have risen, as have government budget restrictions. The STI field has become more complex, collaborative, and network-based, with the private sector also becoming more dependent on innovation for productivity and competitiveness gains. This environment demands more robust and complex solutions, combining both public and private financing. Instruments from venture capital to publicprivate partnerships have gained importance in supporting STI efforts. After discussing a number of instruments and incentives available to governments for improving their national innovation systems, two case studies demonstrated how government efforts from the United Kingdom and Brazil successfully tackled innovation-financing issues. Lastly, the paper reviewed recent and future STI financing trends. 
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